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(57) Abstract 

The present invention relates to a cutting tool comprising a body (1) of sintered cemented carbide or cermet, ceramic or high 
speed steel on which at least on the functioning parts of the surface of the body, a thin, adherent, hard and wear resistant coating (2) is 
applied. The coating comprises a laminar, multilayered structure of refractory compounds in polycrystalline, repetitive form, (MX/NX) 
A/(MX/NX)A/MX/NX)A/(MX/NX)A/... where the alternating layers MX (3) and NX (4) are composed of metalnitrides or carbides with 
the metal element selected from Ti, Nb, Hf t V, Ta, Mo, Zr, Cr and W. The repeat period A (5) is essentially constant throughout the 
entire multilayered structure, and larger than 3 nm but smaller than 100 nm, preferably smaller than 25 nm. The total thickness of said 
multilayered coating is larger than 0.5 pm but smaller than 20 nm. 
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MULT I LAYERED COATED CUTTING TOOL 

The present invention relates to a cutting tool for 
metal machining, having a substrate of cemented carbide, 

5 cermet, ceramics or high speed steel and, on the surface 
of said substrate, a hard and wear resistant refractory 
coating is deposited by Physical (PVD) or Chemical (CVD) 
Vapour Deposition. The coating is adherently bonded to 
the substrate and is composed of a laminar, multilayered 

10 structure of metal nitrides or carbides with a repeat 
period in the nanometer range (nm) and the metal ele- 
ments of the nitride or carbide are selected from Ti, 
Nb, Hf , V, Ta, Mo, Zr, Cr or W. 

The present invention relates particularly to the 

15 art of PVD coated carbides or similar hard materials 
such as cermets, ceramics and high speed steels. The 
method of depositing a thin refractory coating (1-20 \im) 
of materials like alumina (AI2O3), titanium carbide 
(TiC) and/or titanium nitride (TiN) onto e.g. a cemented 

20 carbide cutting tool is a well established technology 
and the tool life of the coated cutting tool, when used 
in metal machining, is considerably prolonged. The pro- 
longed service life of the tool may under certain condi- 
tions extend up to several 100 percent. Said refractory 

25 coatings in the Prior Art comprise either a single layer 
or a combination of multilayers. Modern commercial cut- 
ting tools are characterised by a plurality of layer 
combinations with double or multilayer structures. The 
total coating thickness varies between 1 and 20 microme- 

30 ters (\m) and in the prior art, the multilayered struc- 
ture is characterised in the micrometer range (\lm) , i.e. 
the thickness of the individual sublayers varies between 
a few microns and a few tenths of a micron. 

The established technologies for depositing such 

35 coatings are CVD (Chemical Vapour Deposition) and PVD 
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(see e.g. US 4,619,866 and US 4,346,123). PVD coated 
commercial cutting tools of cemented carbides or high 
speed steels usually have a single coating of TiN, TiCN 
or TiAlN, but combinations thereof also exist. 

5 There exist several PVD techniques capable of pro- 

ducing refractory thin films on cutting tools. The most 
established methods are ion plating, magnetron sputter- 
ing, arc discharge evaporation and I BAD (Ion Beam As- 
sisted Deposition) . Each method has its own merits and 

10 the intrinsic properties of the produced coating such as 
microstructure/grain size, hardness, state of stress, 
cohesion and adhesion to the underlying substrate may 
vary depending on the particular PVD method chosen. An 
improvement in the wear resistance or the edge integrity 

15 of a PVD coated cutting tool being used in a specific 

machining operation can thus be accomplished by optimiz- 
ing one or several of the above mentioned properties. 
Furthermore, new developments of the existing PVD tech- 
niques by, for instance, introducing unbalanced magne- 

20 trons in reactive sputtering (S. Kadlec, J. Musil and 
W.-D. Munz in J. Vac. Sci. Techn. A8(3), (1990), 1318.) 
or applying a steered and/or filtered arc in cathodic 
arc deposition fif. Curt ins in Surface and Coatings Tech- 
nology, 76/77, (1995), 632 and K. Akari et al in Surface 

25 and Coatings Technology, 43/44, (1990), 312.) have re- 
sulted in a better control of the coating processes and 
a further improvement of the intrinsic properties of the 
coating material . 

Conventional cutting tool materials like cemented 

30 carbides consist of at least one hard metallic compound 
and a binder, usually cobalt (Co) , where the grain size 
of the hard compound, e.g. tungsten carbide (WC) , ranges 
in the 1-5 pm region. Recent developments have predicted 
improved tool properties in wear resistance, impact 

35 strength, hot hardness by applying tool materials based 
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on ultrafine microstructures by using nanostructured WC- 
Co powders as raw materials {L.E. McCandlish, B.H. Kear 
and B.K. Kim, in Nano STRUCTURED Materials VOL. 1 pp. 
119-124, 1992) . Similar predictions have been made for 

5 ceramic tool materials by for instance applying silicon- 
nitride/carbide-based (Si3N4/SiC) nanocomposite ceramics 
and, for Al203-based ceramics, equivalent nanocomposites 
based on alumina. 

With nanocomposite nitride or carbide hard coating 

10 materials, it is understood a multilayered coating where 
the thickness of each individual nitride (or carbide) 
layer is in the nanometer range, 3-100 nm or preferably 
3-20 nm. Since a certain periodicity or repeat period of 
e.g. a metal nitride film sequence is invoked, these 

15 nanoscaled, multilayer coatings have been given the ge- 
neric name of " superlattice" films. A repeat period is 
the thickness of two adjacent metal nitride layers i.e. 
with different metal element in the sublayers. Several 
of the metal nitride superlattice coatings with the 

20 metal element selected from Ti, Nb, V and Ta, grown on 
both single- and polycrystalline substrates have shown 
an enhanced hardness for a particular repeat period usu- 
ally in the range 3-10 nm. 

According to the present invention, there is pro- 

25 vided a cutting tool comprising a body of a hard alloy 
of cemented carbide, cermet, ceramics or high speed 
steel, onto which a wear resistant, multilayered coating 
has been deposited. More specifically, the coated tool 
comprises a substrate of sintered cemented carbide or a 

30 cermet, preferably of at least one metal carbide in a 

metal binder phase, or a ceramic. The substrate may also 
comprise a high speed steel alloy. Said substrate may 
also be precoated with a thin single- or multilayer of 
TiN, Tie, TiCN or TiAlN with a thickness in the microme- 

35 trer range according to prior art. The coated cutting 
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tool according to the present invention exhibits im- 
proved wear resistance and toughness properties compared 
to prior art tools when used for machining steel or cast 
iron and, in particular, stainless steel. Said coating, 

5 which is adherently bonded to the substrate, comprises a 
laminar, multi layered structure of metal nitrides or 
carbides, preferably of binary polycrystalline nitrides, 
having a thickness of 0.5 to 20 \m t preferably 1 to 10 
|im, most preferably 2 to 6 (lm. In the binary, multilay- 

10 ered coating structure (see Fig. 1) (MX/NX) J^/ (MX/NX) \ 

I (MX/NX) X/ (MX/NX) \/ , the alternating layers MX 

and NX comprise metalnitrides or metalcarbides with the 
metal element M and N selected from titanium (Ti) , nio- 
bium (Nb) , hafnium (Hf ) , vanadium (V) , tantalum (Ta) , 

15 molybdenum (Mo) , zirconium (Zr) , chromium (Cr) or tung- 
sten (W) , the repeat period X in (MX/NX) ^ is essentially 
constant throughout the entire multilayer structure 
(that is, it varies by no more than 20%) and is larger 
than 3 run but smaller than 100 run, preferably smaller 

20 than 50 nm, most preferably smaller than 25 nm. The re- 
peat period is the thickness of the layers MX + NX, i.e. 
two adjacent layers with different metal elements. Pre- 
ferred examples of the above superlattice coatings are 
TiN/NbN/TiN/NbN/ , TiN/TaN/TiN/TaN/ .... and 

25 TiN/VN/TiN/VN/ 

Referring to Fig.l there is shown a substrate 2 
coated with a laminar, multilayered nitride or carbide 
coating 2 with the individual binary metalnitride (or 
carbide) layers being MX 3 and NX 4 and where the repeat 

30 period X 5, the thickness of the binary layers MX + NX, 
is essentially constant throughout the entire multilayer 
coating . 

The laminar coatings above exhibit a columnar 
growth mode with no or very little porosity at the grain 
35 boundaries. The coatings also possess a substantial 
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waviness in the sublayers which originates from the sub- 
strate surface roughness. High magnification transmis- 
sion electron microscopy (TEM) indicates a very ordered 
superlattice structure with sharp interfaces and, fur- 

5 thermore, X-ray diffraction of the superlattice struc- 
ture of the coating also supports the observation that 
the local structure is ordered. Nevertheless, regardless 
of the superlattice reflection in the X-ray diffracto- 
grams, these coatings on cemented carbides, cermets, ce- 

10 ramies or high speed steel substrates are by no means 
single crystals and should consequently be regarded as 
multilayers or "lamellae coatings" rather than superlat- 
tices due to the relatively high degree of disorder in 
the local structure. 

15 For a cutting tool used in metal machining, several 

advantages are provided by the present invention with 
nanostructured lamellae coatings deposited on substrates 
of hard, refractory materials such as cemented carbides, 
cermets and ceramics. E.g. in a binary nitride lamellae 

20 coating (MX/NX) X,/ (MX/NX) X,/ .... on cemented carbides, 
the hardness of the coating is usually enhanced over the 
individual single layers of MX and/or NX with a layer 
thickness on a \m scale, simultaneously as the intrinsic 
stress numerically is smaller. The first observation, 

25 enhanced hardness in the coating, results in an in- 
creased abrasive wear resistance of the cutting edge 
while the second observation of numerically less intrin- 
sic stress in the coating, provides an increased capa- 
bility of absorbing stresses exerted on the cutting edge 

30 during a machining operation. 

The laminar, nanostructured coatings can be depos- 
ited on a carbide, cermet, ceramic or high speed steel 
substrate either by CVD or PVD techniques, preferen- 
tially by PVD techniques, by successively forming indi- 

35 vidual sublayers by vapour deposition in a vacuum cham- 
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ber. Electron beam evaporation, magnetron sputtering or 
cathodic arc deposition or combinations thereof, are the 
preferred PVD methods for depositing the nanostructured 
coatings . 

5 

Ex<*mple 1 

Multilayered TiN/NbN coatings were deposited on ce- 
mented carbide (WC/9w%Co) cutting inserts of ISO insert 
style SEKN 1204 designed for a face milling cutter. The 

10 inserts were mounted on a rotating sample holder in a 
PVD vacuum chamber and the TiN/NbN lamellae coating was 
deposited by the simultaneous deposition of TiN and NbN 
by applying a substrate table rotation of 10 rpm. Tita- 
nium was e-gun evaporated from a crucible while Nb was 

15 sputtered off a magnetron target. Nitrogen was added to 
the vacuum chamber as the reactive gas. The resulting 
total coating thickness was approximately 4 pm and var- 
ied less than 20% between the flank and rake face of the 
coating. Accordingly, the "super lattice" repeat period 

20 on the different tool surfaces exhibited only small 

variations. The individual thicknesses of the sublayers, 
the lamellae thicknesses, were approximately 7 nm for 
the TiN layers and approximately 5 nm for the NbN layers 
i.e. the repeat period X was approximately 12 nm. The 

25 microhardness of the TiN/NbN lamellae coating was 3200 
HV and the residual intrinsic stress was -0.5 GPa. 

The multilayered, nanostructured TiN/NbN coated 
cutting inserts were tested in a face milling machining 
operation in austenitic stainless steel (AISI/SAE 

30 3 03/3 04) against PVD TiCN (4 Urn thick) single-coated ce- 
mented carbide inserts also of insert style SEKN 1204 
and WC/Co composition WC/9w%Co. Hence, any substrate 
composition or insert style effects on the machining re- 
sults were ruled out. The cutting test was performed un- 

35 der dry cutting conditions in a one-tooth face milling 
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operation with a 4>100 mm milling cutter centered on the 
work piece. The work piece material was in the form of 
600 mm long bars of width 50 mm and the machining per- 
formance of the tools was evaluated by measuring the av- 
5 erage flank wear of the cutting edge after each passage 
of 600 mm. 

Cutting data: 

Cutting speed 166 m/min 

Feed rate 0.12 mm/ tooth 

10 Depth of cut 4 mm 

The results below are expressed as the average 
flank wear (mm) of the cutting tool after a milled 
length of 3000 mm: 



15 average flank wear (mm) 



Multilayered, nanostructured TiN/NbN coated 

cutting inserts: 0.15 

PVD TiCN single-coated cutting inserts: 0.50 

20 

Example 2 

Multilayered TiN/TaN coatings were deposited on ce- 
mented carbide (WC/9w%Co) cutting inserts of ISO insert 
style SEKN 12 04 using the coating technique described in 
25 Example 1 . The thicknesses of the individual sublayers 
were approximately 7 nm for the TiN layers and approxi- 
mately 4 nm for the TaN layers, yielding a repeat period 
X of 11 nm. 

The multilayered, nanostructured TiN/TaN coated 
30 cutting inserts were tested in a face milling machining 
operation in austenitic stainless steel (AISI/SAE 
303/304) against single-layer PVD TiCN (4 \\m thick) and 
single- layer PVD TaN (4 ^m thick) coated cemented car- 
bide inserts also of insert style SEKN 1204 and WC/Co 
35 composition WC/9w%Co. Hence, any substrate composition 
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or insert style effects on the machining results were 
ruled out. The cutting test was performed under dry cut- 
ting conditions in a one-tooth face milling operation 
with a <I>100 mm milling cutter centered on the work 
5 piece. The work piece material was in the form of 600 mm 
long bars of width 50 mm and the service lives of the 
tools were determined by measuring the milled length un- 
til tool failure which was when edge chipping occurred 
or when the flank wear exceeded 0.50 mm. 
10 Cutting data: 

Cutting speed 172 m/min 

Feed rate 0.12 mm/ tooth 

Depth of cut 4 mm 

The results below are expressed as the milled 
15 length until cutting tool failure: 



milled length (mm) 



Multilayered, nano structured TiN/TaN coated 

20 cutting inserts: 3130 

PVD TiCN single-coated cutting inserts: 1900 

PVD TaN single-coated cutting inserts: 610 



Example 3 

25 Multilayered TiN/NbN coatings were deposited on ce- 

mented carbide inserts of three different compositions. 
The inserts were designed for an end milling cutter and 
the three WC/Co carbide compositions were: WC/6w%Co, 
WC/9%Co and WC/12%Co. The same coating technique as in 

30 Example 1 was used and the individual sublayers thick- 
nesses and the repeat period were also the same as in 
Example 1 . 

The TiN/NbN multilayer coated cutting inserts were 
tested in an end milling machining operation in austeni- 
35 tic stainless steel (AISA/SAE 303/304) against single- 
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layer PVD TiN (4 |im thick) coated cemented carbide in- 
serts with the same compositions as given above. The 
cutting test was performed under dry cutting conditions 
with a 4>16 mm insert end mill in a side milling opera- 
5 tion. The work piece material was in the form of 500 mm 
long bars. The service lives of the tools were deter- 
mined by measuring the milled length until tool failure 
which was when edge chipping occurred or when the aver- 
age flank wear exceeded 0.50 mm. 
10 Cutting data: 

Cutting speed 150 m/min 

Feed rate 0.14 ram/ tooth 

Depth of cut/cutting width 4.0/8.0 mm 
The results below are expressed as the milled 
15 length until cutting tool failure: 

milled length (mm) 

WC/6w%Co 

20 Multi layered nanostructured TiN/NbN coated cutting 

inserts: 800 
PVD TiN single-coated cutting inserts: 600 
WC/9w%Co 

Multilayered nanostructured TiN/NbN coated 
25 cutting inserts: 3050 
PVD TiN single-coated cutting inserts: 2100 
WC/12w% 

Multilayered nanostructured TiN/NbN coated cutting 
inserts: 7250 
30 PVD TiN single-coated cutting inserts: 4900 



WO 98/44163 



10 



PCT/SE98/00564 



Claims 

1. Cutting tool comprising a body of sintered ce- 
mented carbide or cermet, ceramic or high speed steel 
and on which at least on the functioning parts of the 

5 surface of the body, a thin, adherent, hard and wear re- 
sistant coating is applied, said coating characterised 
in comprising a laminar, multilayered structure of re- 
fractory compounds in polycrystalline, repetitive form, 
(MX/NX) %/ (MX/NX) %/ (MX/NX) %/ (MX/NX) ^/ where the 

10 alternating layers MX and NX are composed of metalni- 
trides or carbides with the metal element selected from 
Ti, Nb, Hf , V, Ta, Mo, Zr, Cr and W, and where in said 
coating the repeat period X is essentially constant 
throughout the entire multilayered structure, and where 

15 the said repeat period is larger than 3 nm but smaller 
than 100 nm, preferably smaller than 25 nm, and that the 
total thickness of said multilayered coating is larger 
than 0.5 \m but smaller than 20 |jm. 

2 . Cutting tool according to claim 1 characterised 
20 in that the alternating layers MX and NX are composed of 

metalnitrides . 

3 . Cutting tool according to claim 1 characterised 
in that the alternating layers MX and NX are composed of 
metalcarbides . 

25 4. Cutting tool according to any of the preceding 

claims characterised in that the metal elements in the 
alternating layers MX and NX are Ti resp. Nb. 

5. Cutting tool according to claim 1-3 
characterised in that the metal elements in the alter- 

30 nating layers MX and NX are Ti resp. Ta. 

6. Cutting tool according to any of the preceding 
claims characterised in that the repeat period X ranges 
from 3 to 50 nm, preferably from 3 to 25 nm. 
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7 . Cutting tool according to any of the preceding 
claims characterised in that said coating has a total 
thickness of 1 to 10 pm, preferably from 2 to 6 pm. 

8. Cutting tool according to any of the preceding 
5 claims characterised in that said body is a cemented 

carbide or a cermet . 
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13/03/87 


DE 


3152742 


C,T 


27/06/85 


DK 


154544 


B,C 


28/11/88 


DK 


466082 


A 


20/10/82 


FI 


75109 


B,C 


29/01/88 


FI 


823617 


A 


22/10/82 


FR 


2512465 


A,B 


11/03/83 


NL 


187519 


B,C 


03/06/91 


NL 


8201622 


A 


16/11/83 


US 


4554201 


A 


19/11/85 


WO 


8202847 


A 


02/09/82 
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